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Fig. 4A
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Fig. 4B
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1

TERMINAL APPARATUS, CONTROL
METHOD THEREFOR, AND RECORDING
MEDIUM IN WHICH CONTROL PROGRAM
FOR TERMINAL APPARATUS IS STORED

This application 1s a National Stage Entry of PC'T/JP2016/
004243 filed on Sep. 16, 2016, which claims priority from
Japanese Patent Application 2015-1836357 filed on Sep. 17,

2013, the contents of all of which are incorporated herein by
reference, 1n their entirety.

TECHNICAL FIELD

The present invention relates to a technical field that
controls an operation of a terminal apparatus disposed 1n a
transmission path such as an optical communication line.

BACKGROUND ART

In recent years, with popularization of the Internet, a
service that handles a content including large-capacity data
such as a voice and a video 1s expanding, and therewith, a
communication amount 1s rapidly increasing. In a commu-
nication line (hereinafter, abbreviated as a “line”) facility
which provides an Internet service that handles the large
capacity content, an optical commumcation technique
capable of performing, for example, broadband and long-
distance communication 1s used.

In the line facility, electrical signals from various types of
information processing devices such as servers that provide
an Internet service are multiplexed by a terminal device and
thereafter 1s subjected to electrical-optical conversion. An
optically converted signal light 1s transmitted to an opposite
terminal device, for example, via an optical fiber constitut-
ing a transmission path.

The opposite terminal device causes the transmitted signal
light to be subjected to optical-electrical conversion and
thereby acquires a multiplexed electrical signal. The multi-
plexed electric signal 1s demultiplexed into individual elec-
trical signals, and the demultiplexed electrical signals are
received by various types of information processing devices.

In the terminal device and transmission path, depending
on a demand for a line, a new facility may be added to an
existing facility by using, for example, an optical wave-
length division multiplexing technique and the like. In this
case, a change of transmission quality as described below
may OCCUL.

When, for example, a line facility 1s added, 1n a trans-
mission path configuring the line facility, light of a wave-
length used for an intended communication 1s aflected by
light of an adjacent wavelength. Thereby, transmission qual-
ity 1n the transmission path may degrade. In a transmission
path configuring a line facility, by using a chance 1in which
a line facility has been added, an adverse influence such as
interference 1s not produced on light of a wavelength used
for an intended communication, for example, by transfer of
light of an adjacent wavelength to another wavelength, and
thereby transmission quality 1n the transmission path may be
improved. An element or the like that transmits light used
between terminal devices deteriorates over time, and thereby
transmission quality in the transmission path may decrease.

It 1s necessary for a line facility that provides an Internet
service to maintain predetermined quality over a long term
and continuously provide the Internet, even when a line
situation as described above changes. Therefore, a terminal
device using the optical communication technique needs to

10

15

20

25

30

35

40

45

50

55

60

65

2

be designed mm such a way as to be able to maintain
predetermined transmission quality by expecting 1n advance,
from a stage of introducing the terminal device, addition to
a facility 1n the future and a change of a line situation due
to aging of the facility. In the terminal device using the
optical communication techmque, in order to maintain trans-
mission quality, generally, a forward error correction (here-
inafter, abbreviated as an “FEC method”) 1s used. The FEC
method 1s one type of an error control method 1n data
transmission and 1s a coding method 1n which, when coding
data, a data transmitting side provides redundancy for the
data, and thereby, without a request to the transmitting side
for additional information, a recerving side detects and
corrects an error of the data when decoding the data.

The above-described terminal device employs an FEC
method (hereinatter, referred to also as a “coding method™)
having an ability (error correction ability) of correcting a
detected error of data in order to ensure predetermined
transmission quality. However, in the FEC method, when a
modification of the above-described line facility and a
change of a line situation due to an aging change are
considered in advance and an FEC method having a high
error correction ability 1s fixedly used, by contrast, trans-
mission efliciency may decrease and a processing delay and
power consumption in a terminal device may increase.

As one example of such a technique, PTL 1 discloses a
technique 1n which a recerving side of a digital transmission
system monitors quality of a reception signal and selects an
FEC method depending on the quality of the monitored
reception signal, and thereby an error correction method of
the recerving side and a transmitting side 1s switched on the
basis of the selected FEC method. The digital transmission
system 1n PTL 1 notifies a transmitting side of a change of
transmission quality on a receiving side in order to switch an
error correction method, notifies the receiving side of a
switching timing of an error correction method from the
transmitting side, transmits an acknowledge (ACK) signal
from the receiving side to the transmitting side, and switches
the error correction method. The digital transmission system
in PTL 1 previously supplies a power source and a clock also
to an error correction circuit of a switching destination in
such a way that data to be transmitted/received are not
missing.

As a related technique, PTL 2 discloses a technique for
suppressing a variation of an error correction ability for each
optical reception device due to an individual difference 1n
production and aging deterioration of an i1dentifier for 1den-
tifying an electrical signal obtained by converting a received
optical signal, by an optical reception device.

PTL 3 discloses a technique for suppressing, when an
optical transmission device 1s added with an optical trans-
mission device having a high error correction ability, an
optical power of an output signal of the added optical
transmission device to a level lower than an optical power of
an output signal of the existing optical transmission device
and thereby expanding a transmission capacity at a low cost.

PTL 4 discloses a technique in which an occurrence
situation analysis umit that analyzes a data error 1n a digital
signal processing device determines a future error occur-
rence frequency on the basis of information about a current
error occurrence situation and peripheral 1nformation
acquired from an error correction processing unit and a
peripheral information analysis unit.
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SUMMARY OF INVENTION

Technical Problem

However, 1n the above-described technique described in
PTL 1, 1n order to switch an error correction method, 1t takes
time to transmit/recerve various types of pieces of mforma-
tion between a transmitting side and a receiving side, and
therefore there 1s a problem that the technique 1s not suitable
for communication for transmitting data such as a voice and
a video having high immediacy. In the technique described
in PTL 1, a transmitting side and a receiving side need to be
synchronized. In the technique described in PTL 1, 1n order
to switch an error correction method without missing data,
it 1s necessary to previously supply a power source and a
clock to an error correction circuit of a switching destina-
tion. Therefore, 1n the technique described 1 PTL 1, 1t 1s
necessary to additionally mput data for a predetermined
number of frames to an error correction circuit on a receiv-
ing side, and therefore there 1s a problem that a circuit size
increases and control becomes complex.

Also 1n any of the techniques of PTLs 2 to 4, information
regarding a number of error corrections of a local device,
detected by a reception unit of the local device 1s not notified
to an opposite device. As a result, 1n the techniques of PTLs
2 to 4, when an error correction ability of data transmitted
from the opposite device 1s low, 1 data received by the
reception unit of the local device, an error may continue to
occur. In contrast, in the techniques of PTLs 2 to 4, when
data transmitted by a transmission unit of the opposite
device are coded with an error correction ability that is
higher than needed, transmission efliciency may decrease.

A main object of the present mvention 1s to provide a
terminal apparatus and the like in which an error correction
coding can be changed individually on a transmitting side
and a receiving side with a simple configuration 1n such a
way that an eflicient and optimum transmission state 1s
maintained even when transmission quality of a transmis-
sion path between terminal apparatuses changes.

Solution to Problem

In one aspect of the present invention, a terminal appa-
ratus includes coding means for being capable of selecting
any one ol a plurality of types of error correction codings
having error correction abilities different from one another,
and generating {irst coded data to be transmitted from the
terminal apparatus by executing coding by coding process-
ing based on a selected error correction coding;

decoding means for being capable of selecting any one of
the plurality of types of error correction codings having error
correction abilities different from one another, and decoding
second coded data received by the terminal apparatus by
decoding processing based on a selected error correction
coding; and
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control means for being capable of individually selecting
any one of the error correction codings executed by the
coding means and the decoding means among the plurality
of types of error correction codings, and controlling the
coding means and the decoding means individually, based
on the selected error correction coding.

While the terminal apparatus and an opposite apparatus
including a configuration similar to the terminal apparatus
are transmittably and receivably connected to each other, the
control means of the terminal apparatus

controls the coding means of the terminal apparatus to
generate the first coded data, the coding means coding, 1n
accordance with coding processing based on the selected
error correction coding to be executed this time,

a payload to be transmitted this time by the terminal

apparatus to the opposite apparatus,

a first number of error corrections representing a number
of times of error corrections counted when the decod-
ing means of the terminal apparatus decodes the second
coded data already received from the opposite appara-
tus, and

identifier information for discriminating the error correc-
tion coding selected by the control means, to be
employed for a payload to be transmitted next time to
the opposite apparatus,

controls the decoding means of the terminal apparatus to
decode, when newly receiving the second coded data from
the opposite apparatus 1n response to transmission of the first
coded data by the terminal apparatus, the newly received
second coded data by decoding processing based on the
selected error correction coding indicated by the i1dentifier
information included 1n a decoding result of the already-
recelved second coded data,

controls the coding means of the terminal apparatus in
such a way that a number of times of error corrections
counted upon decoding 1s included as the first number of
error corrections 1n the first coded data to be newly trans-
mitted, and

controls the coding means 1n such a way as to extract a
second number of error corrections, being included in a
decoding result, representing a number of times of error
corrections counted when decoding means of the opposite
apparatus decodes the first coded data already received from
the terminal apparatus, select any one of error correction
coding among the plurality of types of error correction
codings depending on the extracted second number of error
corrections, and generate the first coded data to be trans-
mitted next time, by coding processing based on the selected
error correction coding.

In addition, as another aspect of the present mnvention, a
control method for a terminal apparatus, The terminal appa-
ratus 1ncludes,

coding means for being capable of selecting any one of a
plurality of types of error correction codings having error
correction abilities diflerent from one another, and generat-
ing first coded data to be transmitted from the terminal
apparatus by executing coding by coding processing based
on a selected error correction coding; and

decoding means for being capable of selecting any one of
the plurality of types of error correction codings having error

correction abilities different from one another, and decoding
second coded data received by the terminal apparatus by
decoding processing based on a selected error correction
coding.
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The control method includes:

being capable of individually selecting any one of the

error correction codings executed by the coding means

and the decoding means among the plurality of types of
error correction codings;

while the terminal apparatus and the opposite apparatus

that includes a configuration similar to the terminal

apparatus are transmittably and receivably connected to
cach other, and when the coding means and the decod-

ing means are individually controlled based on a

selected error correction coding,

generating the first coded data by controlling the coding

means of the terminal apparatus 1n such a way as to

code, by coding, in accordance with coding processing
based on the selected error correction coding to be
executed this time,

a payload to be transmitted this time by the terminal
apparatus to an opposite apparatus,

a first number of error corrections representing a nuim-
ber of times of error corrections counted when the
decoding means of the terminal apparatus decodes
the second coded data already received from the
opposite apparatus, and

identifier information for discriminating the error cor-
rection coding selected by the control means, to be
employed for a payload to be transmitted next time
to the opposite apparatus;

controlling the decoding means of the terminal apparatus

in such a way as to decode, when newly receiving the
second coded data from the opposite apparatus in
response to transmission of the first coded data by the
terminal apparatus, the newly received second coded
data by decoding processing based on the selected error
correction coding indicated by the identifier informa-
tion included i a decoding result of the already-
received second coded data;

controlling the coding means of the terminal apparatus in

such a way that a number of times of error corrections

counted upon decoding 1s included as the first number
of error corrections 1n the first coded data to be newly
transmitted; and

controlling the coding means in such a way as to extract

a second number of error corrections, being included 1n

a decoding result, representing a number of times of

error corrections counted when decoding means of the

opposite apparatus decodes the first coded data already
received from the terminal apparatus, select any one of
the error correction coding among the plurality of types

ol error correction codings depending on the extracted

second number of error corrections, and generate the

first coded data to be transmitted next time, by coding
processing based on the selected error correction cod-
ng.

In addition, 1n another other aspect of the present inven-
tion, a computer-readable recording medium storing a con-
trol program of a terminal apparatus includes:

coding means for being capable of selecting any one of a

plurality of types of error correction codings having error
correction abilities different from one another, and generat-
ing first coded data to be transmitted from the terminal
apparatus by executing coding by coding processing based
on a selected error correction coding; and

decoding means for being capable of selecting any one of
the plurality of types of error correction codings having error
correction abilities different from one another, and decoding
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second coded data received by the terminal apparatus by
decoding processing based on a selected error correction
coding.
The control program causes computer of the terminal
apparatus to execute processing of:
being capable of individually selecting any one of the
error correction codings executed by the coding means
and the decoding means among the plurality of types of
error correction codings;
while the terminal apparatus and the opposite apparatus
that includes a configuration similar to the terminal
apparatus are transmittably and receivably connected to
cach other, and when the coding means and the decod-
ing means are individually controlled by the control
program, based on a selected error correction coding,
generating the first coded data by controlling the coding
means of the terminal apparatus 1n such a way as to
code, by coding, in accordance with coding processing
based on the selected error correction coding to be
executed this time,

a payload to be transmitted this time by the terminal
apparatus to an opposite apparatus,

a first number of error corrections representing a nuimn-
ber of times of error corrections counted when the
decoding means of the terminal apparatus decodes
the second coded data already received from the
opposite apparatus, and

identifier information for discriminating the error cor-
rection coding selected by the control means, to be
employed for a payload to be transmitted next time
to the opposite apparatus;

controlling the decoding means of the terminal appa-
ratus 1 such a way as to decode, when newly
receiving the second coded data from the opposite
apparatus in response to transmission of the first
coded data by the terminal apparatus, the newly
received second coded data by decoding processing
based on the selected error correction coding indi-
cated by the identifier mmformation included 1 a
decoding result of the already-received second coded
data;

controlling the coding means of the terminal apparatus 1n
such a way that a number of times of error corrections
counted upon decoding 1s included as the first number
of error corrections 1n the first coded data to be newly
transmitted; and

controlling the coding means 1n such a way as to extract

a second number of error corrections, being imncluded 1n
a decoding result, representing a number of times of
error corrections counted when decoding means of the
opposite apparatus decodes the first coded data already
received from the terminal apparatus, select any one of
the error correction coding among the plurality of types
of error correction codings depending on the extracted
second number of error corrections, and generate the
first coded data to be transmitted next time, by coding
processing based on the selected error correction cod-
ing.

Advantageous Effects of Invention
In the present invention, there 1s an advantageous eflect
that, even when transmission quality of a transmission path
between terminal apparatuses changes, an error correction
coding can be changed individually on a transmitting side
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and a receiving side with a simple configuration in such a
way that an eflicient and optimum transmission state 1s
maintained.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram 1llustrating a configuration of a

terminal apparatus 1 according to a first example embodi-
ment of the present invention.

FI1G. 2A 15 a block diagram 1illustrating a configuration of
a terminal apparatus 50A according to a second example
embodiment of the present invention.

FI1G. 2B 1s a block diagram 1illustrating a configuration of
a terminal apparatus (opposite apparatus) S0B according to
the second example embodiment of the present invention.

FIG. 3 1s a diagram conceptually illustrating a configu-
ration of a frame applied to the terminal apparatuses S0A and
50B 1n the second example embodiment.

FIG. 4A 1s a tflowchart illustrating a flow of reception
processing of the terminal apparatuses 50A and 50B 1in the
second example embodiment.

FIG. 4B 1s a flowchart illustrating a flow of transmission
processing of the terminal apparatuses S0A and 50B 1n the
second example embodiment.

FIG. 5 1s a diagram 1illustrating a switching threshold of an
FEC method 1n the second example embodiment.

FIG. 6 1s a diagram schematically 1llustrating a hardware
configuration of an information processing apparatus
capable of achieving the terminal apparatuses according to
the first example embodiment and the second example
embodiment.

DESCRIPTION OF EMBODIMENTS

Next, example embodiments of the present invention will
be described 1n detail with reference to drawings.

First Example Embodiment

First, a terminal apparatus 1 according to a first example
embodiment as a basis of the present mvention will be
described. FIG. 1 1s a block diagram 1llustrating a configu-
ration of the terminal apparatus 1 according to the first
example embodiment. Referring to FIG. 1, the terminal
apparatus 1 according to the present example embodiment

includes a decoding unit 2, a control unit 5, and a coding unit
7.

In the terminal apparatus 1, the coding unit 7 can execute
a plurality of types of error correction codings (coding
methods) having error correction abilities different from
cach other and can select any one of error correction codings
to be executed among these error correction codings.

In general, 1n an error correction coding method, when on
a transmitting side of data, the data are coded, redundancy
1s provided to the data. Thereby, in the error correction
coding method, without providing additional information to
a recerving side from the transmitting side, the receiving side
detects, when decoding received data, an error of the data
and thereby can correct the detected error. In the error
correction coding method, an error correction ability
increases as the size of redundant information added to
coded data increases. An error correction method employed
commonly by the terminal apparatus 1 and an opposite
apparatus to be described later 1s, for example, a forward
error correction (heremnafter, abbreviated as an “FEC
method”, and 1s referred to also as a “error correction coding,
method” or a “coding method”).
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The coding unit 7 can execute a plurality of types of error
correction coding methods having error correction abilities
different from each other. The coding unit 7 includes a
coding processing function of coding a data set to be
transmitted from the terminal apparatus 1 1n accordance with
coding processing based on any error correction coding
method selected by a method to be described later among
these error correction coding methods. In the following
description, the data set to be transmitted from the terminal
apparatus 1 may be referred to as coding target data (i.e.,
data to be coded).

The coding unit 7 codes coding target data to first coded
data by a coding processing function. The coding unit 7
transmits the first coded data to the outside (an opposite
apparatus to be described later).

The decoding unit 2 can execute the plurality of types of
error correction coding methods having error correction
abilities different from each other. The decoding unit 2 can
select any error correction coding method to be executed
selected by a method to be described later among these error
correction coding methods. The decoding unit 2 includes a
decoding processing function of decoding second coded data
received by the terminal apparatus 1 from the outside in
accordance with decoding processing based on the selected
error correction coding method. In other words, the decod-
ing unit 2 decodes the second coded data received in the
terminal apparatus 1 by the decoding processing function.

The control unit 5 controls the coding processing function
of the coding unit 7 and the decoding processing function of
the decoding unit 2 described above and thereby can select
individually any error correction coding method executed by
the coding processing function and the decoding processing
function among the plurality of types of error correction
coding methods.

The control unit 5 controls the coding processing function
of the coding unit 7 and the decoding processing function of
the decoding unit 2 and controls individually the coding
processing function and the decoding processing function on
the basis of the selected error correction coding method.

Next, an operation of the present example embodiment
will be described.

In the present example embodiment, it 1s assumed that the

terminal apparatus 1 and an opposite apparatus that 1s not
illustrated in FIG. 1 and including a configuration similar to
the configuration of the terminal apparatus 1 as one example
are transmittably/receivably connected to each other, and 1n
the following, an operation of the terminal apparatus 1 1n a
state where the termunal apparatus 1 and the opposite
apparatus are connected to each other will be described. In
the present description, the opposite apparatus refers to a
apparatus of a communication partner of the terminal appa-
ratus 1.
The control unit 5 of the terminal apparatus 1 controls the
coding processing function executed by the coding unit 7
and thereby codes coding target data including data repre-
senting a content to be described below. In other words, 1n
the present example embodiment, the coding target data
include at least the following elements a) to ¢):

a) a payload (1.e., data from the outside illustrated by a
dotted line of a right arrow 1n FIG. 1) to be transmitted this
time by the terminal apparatus 1 to an opposite apparatus,

b) a number of error corrections (i.e., a first number of
error corrections 3 1llustrated 1n FIG. 1) indicating a number
of times of error corrections counted when the decoding unit
2 of the terminal apparatus 1 decodes second encoded data
already received from the opposite apparatus, and
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¢) identifier information (1.e., coding method mnformation
6 illustrated 1n FIG. 1), to be described later, for discrimi-
nating any error correction coding method selected by the
control unit 5 to be employed for a payload to be transmitted
next time to the opposite apparatus.

The control unit 5 controls the coding unit 7 to code
coding target data (data to be transmitted to the opposite
apparatus) including the above-described elements a) to ¢) 1n
accordance with coding processing based on any selected
error correction coding method to be executed this time and
thereby generates first coded data.

In this manner, the coding unit 7 of the terminal apparatus
1 can transmit the first coded data to the opposite apparatus.

Identifier information described in the above-described
clement ¢) will be described. First, a second number of error
corrections 4 as a basis of 1dentifier information 1s described.

The second number of error corrections 4 1s a number of
error corrections indicating a number of times of error
corrections of first coded data already receirved from the
terminal apparatus 1 1n the opposite apparatus, being
counted by a decoding unit (not 1llustrated 1n FIG. 1) of the
opposite apparatus when the decoding umt of the opposite
apparatus decodes the first coded data. It 1s assumed that the
decoding unit of the opposite apparatus includes a configu-
ration similar to a configuration of the decoding unit 2 of the
terminal apparatus 1.

The opposite apparatus includes a coding unit similar to
the coding unit 7 of the terminal apparatus 1, and the coding
unit (not 1illustrated 1n FIG. 1) of the opposite apparatus
codes the second number of error corrections 4 as second
coded data by including the second number of error correc-
tions 4 1n a data set to be transmitted. The opposite apparatus
transmits the coded second coded data to the terminal
apparatus 1.

The terminal apparatus 1 receives the second coded data
transmitted from the opposite apparatus. The decoding unit
2 of the terminal apparatus 1 acquires, as a result of decoding
the recerved second coded data by a method to be described
later, the data set transmitted by the coding umit of the
opposite apparatus. The decoding unit 2 takes out (extracts)
the second number of error corrections 4 included in the
acquired data set and transfers the taken-out number to the
control unit 5. The second number of error corrections 4 1s
a value counted when the decoding unit of the opposite
apparatus decodes first coded data received by the opposite
apparatus from the terminal apparatus 1.

In the terminal apparatus 1, the control unit 5 executes the
following processing on the basis of a number of times of
error corrections indicated by the received second number of
error corrections 4.

In other words, a type of an error correction coding
method having an error correction ability capable of sup-
pressing a number of times of error corrections indicated by
the second number of error corrections 4 1s selected. The
control unit 5 1identifies 1dentifier information (coding
method information 6) indicating the selected type of the
error correction coding method.

As one example, the control unit 5§ executes, when select-
ing a certain error correction coding method among a
plurality of types of error correction coding methods upon
transmitting first coded data, the following processing when
the number of error corrections indicated by the second
number of error corrections 4 counted by the decoding unit
of the opposite apparatus 1s larger than 0. In other words, the
control umit 5 selects an error correction coding method
having an error correction ability that 1s higher than an error
correction ability of the certain error correction coding
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method having been selected and causes the second number
of error corrections 4 to be 0. The control unit 5 provides
coding method information 6 indicating the selected error
correction coding method to the coding unit 7. In response
thereto, the coding unit 7 by executing coding processing
based on any error correction coding method 1dentified by
the coding method 1information 6 for coding target data to be
newly transmitted this time and generates first coded data to
be newly transmitted this time to the opposite apparatus.

On the other hand, when newly receiving second coding
data from the opposite apparatus 1n response to transmission
of the first coded data by the terminal apparatus 1, the
control unit 5 of the terminal apparatus 1 executes the
following processing.

The control unit 5 controls the decoding unit 2 of the
terminal apparatus 1 and decodes the newly received second
coded data by decoding processing based on an error cor-
rection coding method indicated by identifier information
included 1n a data set that 1s a decode result upon decoding,
by the decoding unit 2, second coded data already recerved
last time. The decoding unit 2 counts, when decoding the
second coded data, a number of error corrections (1.e., a first
number of error corrections 3 illustrated in FIG. 1) indicat-
ing a number of times of error corrections.

In this manner, the decoding unit 2 can restore the second
coded data transmitted by the opposite apparatus to the
terminal apparatus 1. A data set acquired by decoding the
second coded data includes, similarly to the first coded data,
at least the elements a) to ¢) described above.

The control unmit 5 controls the coding umit 7 of the
terminal apparatus 1, extracts a first number of error cor-
rections 3 from the data set acquired as the decoding result
of the second coded data, and controls the coding unit 7 as
described above 1n such a way that the extracted first number
of error corrections 3 1s included 1n first coded data to be
newly transmitted. In other words, when the decoding unit
of the opposite apparatus decodes first coded data already
received from the termunal apparatus 1 1n the opposite
apparatus, the coding unit of the opposite apparatus codes
the data by including a second number of error corrections
4 counted by the decoding unit of the opposite apparatus and
transmits the coded data to the terminal apparatus 1 as
second coded data. The control unit 5 controls the decoding
umt 2 of the terminal apparatus 1 to receive the second
coded data and also extract the second number of error
corrections 4 upon decoding. The control unit 5 selects, by
the above-described method, any error correction coding
method to be employed for a payload to be transmitted next
time by the coding processing function of the terminal
apparatus 1 according to the extracted second number of
error corrections 4 among a plurality of types of error
correction coding methods. The control unit 3 controls the
coding unit 7 to generate first coded data to be transmaitted
next time including the payload (the element a)), the first
number of error corrections 3 (the element b)), and coding
method immformation (identifier information) 6 (the element
¢)) on the basis of the selected coding processing.

The terminal apparatus 1 illustrated in FIG. 1 may be
achieved by dedicated hardware. The terminal apparatus 1
may be achieved by a storage medium storing a program and
a computer such as a digital signal processor (DSP), a
microprocessor, and the like that operates in accordance
with the program stored on the storage medium.

As described above, 1n the present example embodiment,
there 1s an advantageous eflect 1n which an error correction
coding method can be changed individually on a transmiut-
ting side and a receiving side by a simple configuration in
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such a way that an eflicient and optimum transmission state
1s maintained even when transmission quality of a transmis-

sion path between terminal apparatuses changes.

The reason 1s that the terminal apparatus 1 acquires, in the
terminal apparatus 1, a number of times of error corrections
counted when an opposite apparatus decodes first coded data
transmitted, by using second coded data, and thereby, in the
terminal apparatus 1, can change an error correction coding,
method for coded data to be transmitted next time on the
basis of the number of times of error corrections.

A number of times of error corrections counted when the
terminal apparatus 1 decodes second coded data transmitted
by the opposite apparatus 1s notified to the opposite appa-
ratus by using the first coded data from the terminal appa-
ratus, and in the opposite apparatus, an error correction
coding method for data to be transmitted next time can be
changed on the basis of the notified number of times of error
corrections.

Second Example Embodiment

Next, a second example embodiment based on the first
example embodiment of the present invention will be
described. In the second example embodiment, an example
in which the terminal apparatus 1 described in the first
example embodiment 1s applied to a terminal apparatus
disposed on the ground, for example, across a submarine
cable will be described.

FIG. 2A 15 a block diagram 1illustrating a configuration of
a terminal apparatus S0A according to the second example
embodiment. FIG. 2B 1s a block diagram illustrating a
configuration of a terminal apparatus S0B (opposite appa-
ratus 5S0B) according to the second example embodiment.
Referring to FIG. 2A, the terminal apparatus S0A includes a
coding unit 15A, a transmission data processing unit 17A, a
determination unit (control unit) 19A, a decoding unit 31A,
a reception data processing unit 32A, a terminal interface
12 A, and a line interface 18 A. The reception data processing
unit 32A 1ncludes a storage unit 30A. However, the storage
unit 30A may be disposed 1in any place inside or outside of
the terminal apparatus S0A as long as a storage content can
be written 1n and referred to by the determination unit 19A.

Referring to FIG. 2B, the opposite apparatus S0B includes
a coding unit 15B, a transmission data processing unit 17B,
a determination unit (control unit) 19B, a decoding unit 31B,
a reception data processing unit 32B, a terminal interface
12B, and a line interface 18B. The reception data processing
unit 32B includes a storage unit 30B. However, the storage
unit 30B may be disposed 1n any place 1nside or outside of
the opposite apparatus 50B as long as a storage content can
be written 1n and referred to by the determination unit 19B.

The terminal apparatus S0A 1s connected to the opposite
apparatus 30B via a transmaission path 10. The transmission
path 10 1s, for example, an optical communication cable.

The transmission path 10 configures a part of a transmis-
sion route where coded data (first coded data) to be trans-
mitted are headed from the terminal apparatus S0A to the
opposite apparatus 50B and a reception route where coded
data (second coded data) to be received are headed from the
opposite apparatus 50B to the terminal apparatus SOA.

A Tunction of each unit configuring the terminal apparatus
50A and the opposite apparatus S0B described above will be
described. Disposition (FIG. 2B) of each unit described
above configuring the opposite apparatus 50B has a reverse
relation with disposition (FIG. 2A) of each unit described
above configuring the terminal apparatus 50A. Therefore,
functions of the respective units of the terminal apparatus
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50A and the opposite apparatus S0B are the same, and
therefore a function of each unit configuring the terminal
apparatus 50A will be mainly described, and description of
a function of each unit configuring the opposite apparatus
50B overlapping with description of a function of each unit
configuring the terminal apparatus 50A will be omaitted.

The coding unit 15 A and the transmission data processing,
unmt 17A 1n the present example embodiment correspond to
the coding umt 7 in the first example embodiment. The
decoding unit 31A and the reception data processing unit
32A 1n the present example embodiment correspond to the
decoding unit 2 in the first example embodiment. The
determination unit 19A in the present example embodiment
corresponds to the control unit 5 1n the first example
embodiment.

The coding unit 15A can execute coding processing based
on a plurality of types of coding methods having error
correction abilities different from each other.

The coding unit 15A codes a data set (coding target data)
to be transmitted from the transmission data processing unit
17A to be described later by using coding processing based
on any selected coding method among a plurality of types of
coding methods and generates first coded data.

The transmission data processing umt 17A organizes the
following respective elements as coding target data. In other
words, the coding target data include, similarly to the
above-described case of the first example embodiment, at
least a payload (an element a)) to be transmitted to an
opposite apparatus, a first number of error corrections 13A
(an element b)), and coding method information 16 A (an
clement c)).

The transmission data processing unit 17A receives, from
the terminal interface 12 A to be described later, data includ-
ing at least a payload indicated in the element a) to be
transmitted next time to the opposite apparatus 50B.

The transmission data processing unit 17A receives, from
the reception data processing unit 32A, a first number of

error corrections 13 A indicated 1n the element b) indicating
a number of times of error corrections counted when the
decoding unit 31A of the terminal apparatus S0A decodes
second coded data already recerved from the opposite appa-
ratus S0B.

The transmission data processing unit 17A receives, from
the determination unmit 19A, coding method information 16 A
indicated 1n the element ¢) that 1s information for discrimi-
nating any error correction coding method selected by the
determination unit 19A to be employed for a payload (an
clement a)) to be transmitted next time to the opposite
apparatus 30B.

The coding method imnformation 16A corresponds to the
coding method information (1dentifier information) 6 1n the
first example embodiment. Details of the reception data
processing unit 32A, the first number of error corrections
13A, and the determination unit 19A will be described later.

In this manner, the transmission data processing unit 17A
generates a data set (coding target data) in which the payload
to be transmitted 1s added with the first number of error
corrections 13A and the coding method information 16A.

The coding unit 15A executes, for the generated data set,
coding processing based on a coding method indicated by
the coding method information 16A provided from the
determination unit 19A and thereby generates first coded
data. The first coded data are transmitted to the opposite
apparatus 50B wvia the transmission path 10. A specific
configuration example of the data set will be described later.

The decoding unit 31 A receives second coded data.
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The decoding unit 31A decodes the second coded data
received this time by using decoding processing based on a
coding method indicated by coding method information
stored on the storage unit 30A included 1n the reception data
processing unit 32A by a method to be described later. In
other words, in the opposite apparatus 30B, the transmission
data processing unit 17B notifies 1n advance the terminal
apparatus 50A of information that specifies a coding method
for coding a data set to be transmitted this time by coding
method information included 1n a “next frame information”™
column (field) to be described later added to a data set of
second coded data transmitted last time.

In the terminal apparatus 50A, the reception data process-
ing unit 32A stores, when receiving the previous second
coded data, the coding method information indicated by the
“next frame information” column included 1n the received
data set on the storage unit 30A as coding method 1informa-
tion.

In this manner, the decoding unit 31A reads coding
method information stored on the storage unit 30A when
receiving current second coded data and decodes the current
second coded data by decoding processing based on a
coding method 1ndicated by the read coding method infor-
mation.

Theretfore, the decoding unit 31 A may use a previously
determined coding method as a coding method used when
decoding second coded data recerved first, for example, after
activation of the terminal apparatus 5S0A. The coding unit
15A may use a previously determined coding method as a
coding method used when coding first coded data to be
transmitted first after activation of the terminal apparatus
50A.

The decoding unit 31 A transfers a data set obtained as a
result of decoding the second coded data to the reception
data processing unit 32A.

The reception data processing unit 32A takes out data to
be received by an information processing apparatus that 1s
not illustrated and a second number of error corrections 14A
to be described later from the data set received from the
decoding unit 31A and transiers the taken-out data and
number to each of the terminal interface 12A and the
determination unit 19A.

The reception data processing unit 32A transiers, to the
transmission data processing umt 17A, a first number of
error corrections 13 A indicating a number of times of error
corrections of the received second coded data counted 1n the
reception data processing unit 32A when the decoding unit
31A decodes the second coded data as described above. The
first number of error corrections 13A is a type of piece of
information representing a live situation (a latest state) of a
transmission path over the entire reception route from trans-
mission of second coded data from the opposite apparatus
50B to decoding of the data by the terminal apparatus 50A.

The determination unit 19A receives a second number of
error corrections 14A from the reception data processing
unit 32A as described above.

The second number of error corrections 14A 1s a number
of times of error corrections of first coded data counted 1n
the reception data processing unit 32B when the decoding
unit 31B decodes the first coded data in the opposite
apparatus 50B. In other words, the second number of error
corrections 14A 1s a number indicated by a second number
of error corrections 14B having returned to the terminal
apparatus 50A via a reception route by being included 1n
second coded data. The second number of error corrections
14A 1s a type of piece of information representing a live
situation (a latest state) of a transmission path over the entire
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reception route from transmission of first coded data from
the terminal apparatus S0A to decoding of the data by the
opposite apparatus S0B.

The determination unit 19A takes out a second number of
error corrections 14B added to a data set upon generating the
second coded data 1n the opposite apparatus S0B from a data
set obtamned by decoding the second coded data in the
terminal apparatus S0A and receives the taken-out number
as the second number of error corrections 14A. In other
words, the second number of error corrections 14 A 1s based
on the second number of error corrections 14B in the
opposite apparatus 50B, and a content of the second number
of error corrections 14 A 1s the same as an original content of
the second number of error corrections 14B.

In this manner, the terminal apparatus S0A can understand
to what extent first coded data transmitted by the terminal
apparatus 50A has been recerved in the opposite apparatus
50B by being subjected to error corrections, by a number of
times of error corrections indicated by the second number of
error corrections 14A included 1n second coded data.

The determination unit 19A selects a coding method
having an error correction ability capable of suppressing a
number of times of error corrections indicated by the second
number of error corrections 14A as a coding method for
coding first coded data to be transmitted next time by the
terminal apparatus S0A among a plurality of types of coding
methods 1n the coding unit 15A.

The determination umt 19A notifies, by coding method
information 16A, the coding unit 15A of a new coding
method selected by the above-described method.

The transmission data processing unit 17A stores the
coding method notified by the coding method information
16A received from the determination unit 19A in a “next
frame information” column added to a data set to be trans-
mitted.

The opposite apparatus 50B includes each unit including
the same function as the function of each unit configuring
the terminal apparatus 50A described above. For example,
the above-described determination unit 19B notifies, by
coding method information 16B, the coding unit 15B of a
new coding method selected by the above-described
method.

A first number of error corrections 13B of the opposite
apparatus 1s based on the first number of error corrections
13 A 1n the terminal apparatus S0A, and a content of the first
number of error corrections 13B 1s the same as an original
content of the first number of error corrections 13A.

Next, the terminal interfaces 12A and 12B will be
described. The terminal interfaces 12A and 12B are the
same, and therefore the terminal interface 12A will be
described and description on the terminal interface 12B will
be omitted.

The terminal interface 12A 1s connected to an information
processing apparatus such as a server and the like that 1s not
illustrated i FIG. 2A. The terminal interface 12A receives
signal light including, for example, local area network
(LAN) data to be transmitted from the information process-
ing apparatus. The terminal interface 12A causes the
received signal light to be subjected to optical-electrical
conversion and transfers data of the converted electrical
signal to the transmission data processing unit 17A as data
to be transmitted.

On the other hand, the terminal interface 12A receives,
from the reception data processing unit 32A, data obtained
as a result of decoding second coded data by the decoding
unit 31A. The terminal iterface 12A causes the recerved
data to be subjected to electrical-optical conversion to a
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signal light including, for example, LAN data and transfers
the signal light to an mnformation processing apparatus that
1s not illustrated.

Next, the line interfaces 18A and 18B will be described.
The line interfaces 18A and 18B are the same, and therefore
the line mterface 18A will be described and description on
the line iterface 18B will be omutted.

The line interface 18 A converts first coded data output as
an electrical signal from the coding unit 15A to a signal light
and transmits the converted signal light to the opposite
terminal apparatus S0B via the transmission path 10 includ-
ing, for example, an optical fiber cable. On the other hand,
the line intertace 18 A causes a signal light received from the
terminal apparatus 50B via the transmission path 10 to be
subjected to optical-electrical conversion and transiers sec-
ond coded data converted to an electrical signal to the
decoding unit 31A.

Types of coding methods used for the terminal appara-
tuses S0A and 50B will be described.

FIG. 3 1s a diagram conceptually illustrating a configu-
ration (a data set and a frame) of coded data generated by a
coding method applied to the terminal apparatuses S0A and
50B 1n the second example embodiment.

FIG. 3 1s a diagram 1llustrating, as one example, a frame
configuration of data applied to an optical transmission
network conforming to G.709 recommended by Telecom-
munication Standardization Sector of International Tele-
communication Union (ITU-T).

Symbols (a), (b), and (¢) indicated 1n FIG. 3 indicate, as
one example, frame configurations of coding methods FEC
(A), FEC(B), and FEC(C) having error correction abilities
different from each other, respectively.

Referring to each frame configuration illustrated in FIG.
3, a frame 1ncludes areas of an FEC overhead, a payload, and
FEC data.

In the present example embodiment, the FEC overhead 1s
turther divided 1nto a “number of error corrections”™ field and
a “next frame information” field as one example. The
“number of error corrections” field and the “next frame
information™ field will be described.

Hereinatiter, in the terminal apparatus 50A, description
will be made using an example of a data set configuring first
coded data. A data set configuring second coded data is
similar to a data set configuring first coded data, and
therefore description thereof will be omatted.

The transmission data processing unit 17A stores a first
number of error corrections 13 A received from the reception
data processing unit 32A 1n a “number of error corrections”
field of a data set to be transmitted.

The transmission data processing unit 17A stores coding
method information 16A received from the determination
unit 19A 1n a “next frame information”™ field of a data set to
be transmitted. Generation of the coding method informa-
tion 16A stored will be described. The terminal apparatus
50A recerves second coded data 1n which a second number
ol error corrections 14B counted when first coded data 1s
decoded 1n the opposite apparatus S0B upon transmitting
first coded data to the opposite apparatus 50B last time 1s
transmitted by being included 1n a “number of error correc-
tions” field of the second coded data. The terminal apparatus
50A transfers a second number of error corrections 14A
included 1n the “number of error corrections™ field of the
received second coded data to the determination unit 19A.
The determination unit 19A generates, on the basis of the
transierred second number of error corrections 14A, coding,
method mformation 16A that determines a coding method
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capable of suppressing a second number of error corrections
14B 1n reception of next first coded data in the opposite
apparatus 50B.

The terminal apparatus S0A codes, 1n the coding unit 15A,
a data set generated 1n the transmission data processing unit
17A by using a coding method indicated by the above-
described coding method information 16 A and transmits the
coded first coded data to the opposite apparatus 50B.

Description and explanation of a field other than the
above-described two fields in the FEC overhead will be
omitted.

A payload accommodates data transmitted/received

to/from an information processing apparatus such as a
SErver.
FEC data are used for correcting, upon detecting an error
in first coded data when, for example, the decoding unit 31B
of the terminal apparatus 50B decodes first coded data, the
detected error in the decoding unit 31B.

In the present example embodiment, 1n a logic circuit and
a work area including a memory that are not 1llustrated in the
transmission data processing unit 17A and the reception data
processing unit 32A, the following frame generation pro-
cessing and frame decomposition processing are executed.

In other words, the above-described transmission data
processing unit 17A generates, 1n a frame unit indicated in
(a) to (¢) 1n FIG. 3, a frame 1n which data to be transmitted
are converted to coded data. The reception data processing
unit 32A decodes received coded data in a frame umit
indicated 1n (a) to (¢) 1n FIG. 3 and executes frame decom-
position for converting the decoded data to data to be
received.

The transmission data processing umt 17A 1n the present
example embodiment switches a coding method as
described below when data to be transmitted are coded by
the coding unit 15A by using a coding method selected by
the determination unit 19A, the method being different from
a previous coding method as necessary. In other words, the
above-described transmission data processing unit 17A and
coding unmit 15A repeat an operation procedure to be
described later in the present example embodiment and
thereby can always use coding processing based on an
optimum error correction coding method. In other words, the
terminal apparatus 50A according to the present example
embodiment can perform switching in real time and dynami-
cally to coding processing based on an optimum error
correction coding method for each frame configuration
including a payload to be transmitted to the opposite appa-
ratus S0B.

The reception data processing unit 32A 1n the present
example embodiment switches a coding method as
described below when second coded data are decoded using
a coding method stored on the storage unit 30A, the method
being different from a previous coding method as necessary.
In other words, the above-described decoding unit 31A and
reception data processing umit 32A repeat an operation
procedure to be described later in the present example
embodiment and thereby can always use decoding process-
ing based on an optimum error correction coding method. In
other words, the terminal apparatus S0A according to the
present example embodiment can perform switching in real
time and dynamically to decoding processing based on an
optimum error correction coding method for each frame
configuration including a payload to be received from the
opposite apparatus S0B.

Next, an operation of the present example embodiment
will be described. First, a content of a “next frame infor-
mation” field and an operation of each unit after power




US 10,749,628 B2

17

supply to the terminal apparatus S0A and the opposite
apparatus 50B 1s described below.

First, the terminal apparatus 50A 1s described.

When the terminal apparatus S0A 1s powered on and
started, the determination unit 19A has stored, as an 1nitial
value, for example, an FEC(B) that 1s a coding method
applied to a data set to be transmitted first. The determina-
tion unit 19A stores the FEC (B) 1 a “next frame 1informa-
tion” field of the coding unit 15A and codes a data set 1n the
coding unit 15A by using the FEC(B) as a coding method for
coding a data set 1tself to be transmitted first.

A coding method for coding a data set itsell to be
transmitted next time and later may be a coding method
other than the FEC(B) stored on the transmission data
processing unit 17A as described later. In this manner, the
terminal apparatus S0A transmits coded first coded data to
the opposite apparatus 50B.

Next, the opposite apparatus S0B 1s described.

The decoding unit 31B has stored, as an 1nitial value, for
example, an FEC(B) that 1s a coding method used when
decoding first coded data received first.

The decoding unit 31B of the opposite apparatus 50B
decodes first coded data received first by using the FEC(B)
previously stored. The reception data processing unit 32B
stores, on the storage unit 30B, a coding method for coding
first coded data to be received next time stored 1 “next
frame information” 1n a decoded data set. In this manner, the
opposite apparatus 50B can decode first coded data to be
transmitted next time and later from the terminal apparatus
S50A.

A coding method used upon decoding 1n the decoding unit
31B first after being started may be stored, for example, on
the storage unit 30B, and in this case, the decoding unit 31B
may receive an FEC(B) from the storage unit 30B.

The above-described transmission/reception operation of
first coded data from the coding unit 15A to the decoding
unit 31B 1s similar to a transmission/reception operation of
second coded data from the coding unit 15B to the decoding
unit 31A.

When 1n the terminal apparatus 50A, a coding method

does not need to be switched since, for example, there 1s no
fallure and the like 1n the transmission path 10 and a data
error 1s not generated in first coded data, in the terminal
apparatus 50A, for example, the above-described FEC(B) 1s
stored 1n “next frame mformation”, the FEC(B) 1s applied to
coding of a data set 1tself, and first coded data 1s transmuitted
from the coding unit 15A.

Switching of “next frame information” when on the other
hand, 1n the terminal apparatus 50A, for example, a failure
and the like 1s generated 1n the transmission path 10, a data
error 1n first coded data transmitted next time by the terminal
apparatus 50A 1s generated in the opposite apparatus S0B,
and a coding method needs to be switched in the terminal
apparatus 50A 1s described below.

The opposite apparatus 50B transmits, to the terminal
apparatus 50A, a second number of error corrections 14B
that 1s a number of times of error corrections 1n the opposite
apparatus 50B with respect to first coded data transmitted by
the terminal apparatus 50A by being included 1n an “number
ol error corrections” field of second coded data from the
opposite apparatus S0B.

The decoding unit 31A of the terminal apparatus S0A
decodes the received second coded data by the above-
described decoding method. The reception data processing
unit 32A takes out a number of error corrections 14A from

10

15

20

25

30

35

40

45

50

55

60

65

18

the “number of error corrections™ field 1n the decoded data
set and transfers the taken-out number to the determination
unit 19A.

The determination unit 19A determines a coding method
capable of suppressing a number of error corrections indi-
cated by the received second number of error corrections
14A. It 1s assumed that the determination unit 19A has
selected, for example, an FEC(C).

The determination unit 19A stores the FEC(C) 1n a “next
frame information” field of the coding unit 15A. The trans-
mission data processing unit 17A codes a data set in the
coding unit 15A by using, as a coding method for coding a
data set 1tself to be transmitted next time, the coding method
FEC(B) stored on the transmission data processing unit 17A
and used upon the previous ({irst) transmission.

The transmission data processing unit 17A codes a data
set 1tself storing the FEC(C) 1n the “next frame information”
by the coding method FEC(B) and transmits the coded data
set to the opposite apparatus B as first coded data.

The opposite apparatus B decodes the first coded data
received this time by using the coding method FEC(B)
included 1n “next frame information™ of a data set of first
coded data recerved last time stored on the storage unit 30B.
The reception data processing unit 32B takes out “next
frame mnformation” from a data set obtained as a result of
decoding the first coded data received this time and stores,
on the storage unit 30B, an FEC(C), included in the taken-
out “next frame information” and used for coding first coded
data to be received next time.

In this manner, the reception data processing unit 32B can
decode the first coded data to be received next time by the

FEC(C) that 1s a coding method stored on the storage unit
30B.

FIG. 4A and FIG. 4B are flowcharts illustrating flows of
reception processing and transmission processing executed
by the terminal apparatuses S0A and 30B, respectively, in
the present example embodiment. In the following operation
description, the terminal apparatus S0A 1s mainly described.
An operation of the opposite apparatus S0B including sub-
stantially the same configuration as the configuration of the
terminal apparatus 50A 1s substantially the same as an
operation of the terminal apparatus 50A, and therelore
operation description of the opposite apparatus S0B over-
lapping with operation description of the terminal apparatus
50A will be omitted. First, the reception processing 1llus-
trated 1n FIG. 4A 1s described.

In the terminal apparatus 50A, the decoding unit 31A
decodes second coded data received from the opposite
apparatus 50B by decoding processing based on a coding
method stored on the storage unit 30A (step S71).

In the terminal apparatus 50A, the storage unit 30A stores
a value indicated by a “next frame information™ field
included 1n second coded data received last time from the
opposite apparatus S0A and used for decoding second coded
data to be received next time from the opposite apparatus
50B.

The decoding unit 31A decodes the second coded data
received by the terminal apparatus S0A. The reception data
processing unit 32A acquires (extracts) a value of a “number
ol error corrections” field included 1n a data set obtained as
the result. The reception data processing unit 32A notifies
the determination unit 19A, as a second number of error
corrections 14A, of a number of error corrections (a second
number of error corrections) 14B of the opposite apparatus
50B stored in the “number of error corrections™ field and
counted 1n the reception data processing umt 32B of the
opposite apparatus S0B (step S72).
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The determination unit 19A selects a type of a coding
method having an error correction ability capable of sup-
pressing a number of error corrections indicated by the
second number of error corrections 14A received from the
reception data processing unit 32A by coding data to be
transmitted next time by the transmission data processing,
unit 17A. The determination unit 19A transiers the selected
coding method to the transmission data processing unit 17A
as coding method information (next frame information)
16A. The determination unit 19A makes an instruction for
coding data to be transmitted, using the coding method

transferred to the transmission data processing unit 17A
(step S73).

The reception data processing unit 32 A transfers a number
of error corrections (a first number of error corrections) 13A
of the terminal apparatus 50A counted upon decoding the
second coded data to the transmission data processing unit
17A (step S74).

In the terminal apparatus S50A, the reception data process-
ing unit 32 A updates a storage content stored on the storage
unit 30A with information indicating a coding method
indicated by a “next frame information™ field 1n a data set
obtained as a result of decoding executed by the decoding
unit 31A (step S75).

A type of an FEC method selected by the determination

unit 19A 1n step S73 1s described below.
FEC methods defined by G.975 and G.975.1 in the
above-described ITU-T recommendations are an Reed-Solo-
mon (RS) coding method and a Bose-Chaudhuri-Hoc-
quenghem (BCH) coding method, respectively.

In the present example embodiment, as one example, used
1s a coding method 1 which an RS coding method, a BCH
coding method, and a BCH coding method are continuously
connected (coding of two coding methods i1s continuously
executed) i order of (a) FEC(A), (b) FEC(B), and (c)
FEC(C) 1illustrated 1n FIG. 3.

It 1s assumed that in the above-described coding methods,
a coding gain (1.e., an ability of correcting an error) increases
in the above-described order.

A size of each FEC frame 1n (a) to (¢) illustrated in FIG.
3 1s, as one example, 4080 Bytes i a column (horizontal)
direction and four lines i a line (vertical) direction 1n the
present example embodiment.

A size of each area configuring the frame of (a) FEC(A)
illustrated 1n FIG. 3 1s, as one example, 16 Bytes as an FEC
overhead, 3808 Bytes as a payload, and 256 Bytes as FEC
data. The above-described size of each area 1s one example
and 1s not limited to the above-described size.

As a gain of an FEC method increases, a size of FEC data
increases and a payload decreases thereby, and therefore
transmission efliciency of data decreases and a bandwidth
indicating a data amount transmittable 1 a unit time
decreases. In other words, there 1s a reciprocal relationship
between a gain of an FEC method and a bandwidth. As a
gain of an FEC method increases, a processing load upon
coding and decoding 1n a transmission data processing unit
and a reception data processing unit increases, and therefore
a processing delay occurs and power consumption increases
due to a large processing load.

A method for selecting, by the determination unit 19A of
the terminal apparatus 50A 1n step S73, a coding method
having an error correction ability capable of suppressing a
s1ze of a second number of error corrections 14A counted 1n
the opposite apparatus 50B will be described.

FI1G. 5 1s a diagram 1illustrating a switching threshold of an
FEC method 1n the present example embodiment.
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The vertical axis of a graph illustrated in FIG. 5 represents
transmission quality (quality (QQ) value) in the transmission
path 10. The Q value has, as one example, a negative
correlation with a number of error corrections indicated by
a number of error corrections (a second number of error
corrections 14B) of the opposite apparatus 50B counted 1n
the reception data processing unit 32B when the decoding
unmt 31B of the opposite apparatus S0B decodes first coded
data.

More specifically, the Q value 1s an indicator representing,
quality of a digital signal transmaitted/received in the trans-
mission path 10. The Q value 1s an indicator corresponding
to an SNR (signal-to-noise-ratio; SN ratio) in an electrical
signal when the decoding umit 31B decodes first coded data
received from the terminal apparatus S0A and discriminates
a logic “1” and a logic “0” of the decoded data.

A unit of the vertical axis in the graph illustrated in FIG.
5 15, for example, decibel (dB). An upper direction indicated
by an arrow of the vertical axis indicates that a (Q value 1s
relatively large, 1.e., indicates that transmission quality of
the transmission path 10 1s excellent and therefore a number
of error corrections in the reception data processing unit 32B
of the opposite apparatus 50B 1s small. In other words, 1t can
be said that as a number of error correction becomes smaller,
a Q value becomes larger.

In the vertical axis in the graph illustrated 1n FIG. 5, as one
example, two switching thresholds that are a switching
threshold between FECs (A) and (B) and a switching
threshold between FECs (B) and (C) are 1llustrated.

On the other hand, 1n a right direction indicated by an

arrow of the horizontal axis 1n the graph illustrated 1n FIG.
5, three types of FEC methods of the FEC(A), the FEC(B),

and the FEC(C) described using FIG. 3 are arranged 1n order
from an FEC method having a low error correction ability to
an FEC method having a high error correction ability.

One example of a setting method for a switching thresh-
old upon switching each FEC method described above 1s as
follows.

In other words, a switching threshold between the FEC
(A) and the FEC(B) 1s set at a Q value slightly (e.g., by a
margin of approximately 1 dB) larger than a Q wvalue
indicating a lower limit value of an error correction ability
of the FEC(A) (1.e., a lower end of the FEC(A)).

A switching threshold between the FEC(B) and the FEC
(C) 1s set at a Q value larger than a Q value indicating a
lower limit value of an error correction ability of the FEC(B)
(1.e., a lower end of the FEC(B)) by a value larger than the
above-described margin (e.g., by a margin of approximately
3 dB).

In the present example embodiment, as described above,
for a switching threshold of an FEC method having a higher
error correction ability, a margin 1s set in such a way as to
more largely exceed a Q value indicating a lower limit value
of the error correction ability. The reason 1s that an error
change 1 a vicimity of a Q value indicating a lower limait
value of an error correction ability 1s rapid 1n an FEC method
having a higher error correction ability.

One example of a selection method upon selecting an
FEC method by the determination unit 19A 1s as follows.

In other words, the determination unit 19A refers to a
table (conversion information) representing, for example,
the thresholds illustrated 1n FIG. 5 on the basis of a second
number of error corrections 14A extracted from a data set
obtained by decoding second coded data received from the
opposite apparatus 50B and converts the second number of
error corrections 14A to a Q value. The determination unit
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19A selects the FEC(A) when the converted value 1s larger
than the switching threshold between the FECs (A) and (B).

The determination unit 19A converts the second number
ol error corrections 14A to a Q value on the basis of the
received second number of error corrections 14A. The °
determination unit 19A selects the FEC(B) when the con-

verted value 1s lower than the switching threshold between
the FECs(A) and (B) and larger than the switching threshold

between the FECs(B) and (C).

The determination unit 19A converts the second number
of error corrections 14A to a Q value on the basis of the
received second number of error corrections 14A. The
determination unit 19A selects the FEC method (C) when
the converted value 1s lower than the switching threshold
between the FECs(B) and (C) and larger than a lower limit
of the error correction ability of FEC(C) by a predetermined
margin.

The determination unit 19A outputs the FEC method
selected by the above-described method to the transmission ¢
data processing unit 17A as coding method information
(next frame information) 16A.

The determination unit 19A may cause the above-de-
scribed threshold of a Q value upon selecting the above-
described coding method to be adjustable. 25

Subsequently, transmission processing 1illustrated 1n FIG.
4B will be described.

In the terminal apparatus 30A, the transmission data
processing unit 17A receives the coding method information
16 A from the determination unit 19A 1n the above-described 30
reception processing (step S73). The transmission data pro-
cessing unit 17A stores coding method information indi-
cated by the coding method mmformation 16A 1n a “next
frame information” field included 1n a data set to be trans-
mitted by the transmission data processing unit 17A (step 35
S91).

The transmission data processing unit 17A receives the
number of error corrections (the first number of error cor-
rections 13A) transferred from the reception data processing,
unit 32A 1n the above-described reception processing (step 40
S74).

The transmission data processing unit 17A stores the
received number of error corrections (the first number of
error corrections 13A) m a “number of error corrections”
field included 1n a data set to be transmitted by the trans- 45
mission data processing unit 17A (step S92).

The coding unit 15A transmits, to the opposite apparatus
S50B, first coded data in which the data set to be transmitted
this time 1s coded using a coding method indicated by coding,
method information 16 A (next frame mformation) included 5o
in a frame of first coded data transmitted last time (step S93).

The determination unit 19A presents, to the outside,
switching information 38A indicating that switching to an
FEC method different from a previous method has been
performed according to a change of a line situation, when 55
the coding method information 16 A (next frame informa-
tion) has been switched (step S94).

In the transmission data processing unit 17A, due to a
change of an FEC method in step S94, a data amount of data
to be transmitted received from the terminal interface 12A 60
may exceed a bandwidth of the transmission data processing,
unit 17A. In this case, the transmission data processing unit
17A presents, to the outside, bandwidth information 39A
indicating that pieces of data received from the terminal
interface 12 A corresponding to pieces of data exceeding the 65
bandwidth of the transmission data processing unit 17A are
discarded among pieces of data to be transmitted (step S95).
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In the present example embodiment, decoding of second
coded data, for example, 1n step S71 of the above-described
reception processing illustrated in FIG. 4A and coding of
first coded data, for example, 1n step S93 of the transmission
processing 1llustrated in FIG. 4B can be synchronously
executed.

The reception data processing unit 32A, the transmission
data processing unit 17A, and the determination unit 19A 1n
the terminal apparatus S0A illustrated 1n FIG. 2A may be
achieved by dedicated hardware. The reception data pro-
cessing unit 32A, the transmission data processing unit 17A,
and the determination unit 19A may be achieved, for
example, by a storage medium storing a program and a
computer such as a DSP, a microcomputer, and the like that
operates 1 accordance with the program stored on the
storage medium. The above-described configuration of the
terminal apparatus 50A in FIG. 2A 1s similar to a configu-
ration of the terminal apparatus S0B illustrated 1in FIG. 2B.

As described above, 1n the present example embodiment,
similarly to the first example embodiment, there 1s an
advantageous eflect 1n which an error correction coding
method can be changed individually on a transmitting side
and a receiving side by a simple configuration in such a way
that an eflicient and optimum transmission state 1s main-
taimned even when transmission quality of a transmission path
between terminal apparatuses changes.

The reason 1s that a number of times of error corrections
in an opposite apparatus of first coded data transmitted by a
terminal apparatus 1s notified to the terminal apparatus by
being included in second coded data from the opposite
apparatus and in the terminal apparatus, an error correction
coding method for data to be transmitted next time 1s
changed on the basis of the notified number of times of error
corrections.

A number of times of error corrections in the terminal
apparatus of second coded data transmitted by the opposite
apparatus 1s notified to the opposite apparatus by being
included 1n first coded data from the terminal apparatus, and
in the opposite apparatus, an error correction coding method
for data to be transmitted next time 1s changed on the basis
of the notified number of error corrections.

The present example embodiment may be applied to a
land terminal apparatus that relays a communicable land
cable and a wireless terminal used for wireless communi-
cation such as satellite communication, land wireless com-
munication, and the like using digital microwaves or the
like, other than a submarine terminal apparatus.

Hardware Configuration Example

A configuration example of hardware resources 1 which
the above-described terminal apparatus in each example
embodiment of the present mvention 1s achieved using a
computer such as an iformation processing apparatus will
be described. However, the terminal apparatus may be
achieved as a dedicated apparatus.

FIG. 6 1s a diagram schematically illustrating a hardware
configuration of an information processing apparatus
capable of achieving the terminal apparatuses according to
the first example embodiment of the present invention and
the second example embodiment of the present invention.
An mformation processing apparatus 60 includes a central
processing unit (hereinaiter, abbreviated as a “CPU”) 61, a
memory 62, a disc 63, a reading apparatus 64 of a nonvola-
tile recording medium, a communication line 65, an inter-
face 67, an output apparatus 66, and an input apparatus 68.
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The reading apparatus 64 of a nonvolatile recording
medium refers to, for example, a compact disc, a digital

versatile disc, a Blue-ray (a registered trademark) disc, and
a universal serial bus (USB) memory that are computer-
readable, stores the program without power supply, and
causes the program to be portable. The media readable by
the reading apparatus 64 of a nonvolatile recording medium
are not limited to the above-described media. For introduc-
tion of a program from the outside, the program may be
read/written via the communication line 635 that 1s commu-
nicable, instead of the reading apparatus 64 of a nonvolatile
medium. The interface 67 1s connected to another informa-
tion processing apparatus such as an external server, for
example, as the terminal interfaces 12A and 12B 1llustrated
in FIG. 2A and FIG. 2B. The interface 67 1s connected to the
transmission path 10, for example, as the line interfaces 18A
and 18B illustrated in FIG. 2A and FIG. 2B.

The CPU 61 copies, when executing a software program
(computer program: hereinafter, referred to simply as a
“program”) stored on the disc 63, the program onto the
memory 62 and executes arithmetic processing. The CPU 61
reads data necessary for program execution from the
memory 62. When display 1s necessary, the CPU 61 displays
an output result on the output apparatus 66. The CPU 61 can
display, for example, switching information 38 A and switch-
ing information 38B and bandwidth information 39A and
bandwidth information 39B on the output apparatus 66.

The CPU 61 can update a switching threshold for switch-
ing an FEC method changed, for example, by the put
apparatus 68 and display the updated result on the output
apparatus 66. The CPU 61 interprets and executes a terminal
apparatus control program (FIG. 4A, FIG. 4B, and the like)
existing on the memory 62 corresponding to the above-
described function (processing) represented by each unit
illustrated 1n FIG. 1, FIG. 2A. and FIG. 2B. The CPU 61
sequentially executes the above-described processing
described 1n each example embodiment of the present inven-
tion.

In other words, 1n such a case, 1t 1s conceivable that the
present invention can be achieved by the terminal apparatus
control program. It 1s conceivable that the present invention
can be achieved also by a computer-readable recording
medium recording the terminal apparatus control program.

As described above, the present invention has been
described using the above-described typical example
embodiments as examples. However, the technical scope of
the present mvention 1s not limited to the above-described
scope described 1n each example embodiment. It 1s apparent
to those skilled 1n the art that the example embodiment can
be subjected to various modifications or improvements. In
such a case, a new example embodiment added with the
modifications or improvements 1s also included 1n the tech-
nical scope of the present invention.

This application 1s based upon and claims the benefit of
priority from Japanese patent application No. 2015-183657,
filed on Sep. 17, 2013, the disclosure of which 1s incorpo-
rated herein 1n 1ts entirety by reference.
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10 Transmaission path
12A, 12B Terminal interface

13A, 13B First number of error corrections

14A, 14B Second number of error corrections
15A, 15B Coding unit

16A, 16B Coding method information

17A, 17B Transmission data processing unit
18A, 18B Line interface

19A, 19B Determination unit
30A, 30B Storage unit
31A, 31B Decoding unit

32A, 32B Reception data processing unit
38A, 38B Switching information
39A, 39B Bandwidth information

50A, 50B Terminal apparatus

What 1s claimed 1s:

1. A terminal apparatus comprising:

a coding unit configured to generate first coded data by
executing coding processing ol coding target data
based on a first method among a plurality of types of
error correction methods having error correction abili-
ties different from one another, and transmit the first
coded data to an opposite apparatus;

a decoding unit configured to receive second coded data
from the opposite apparatus and decode the second
coded data based on a second method among the
plurality of types of error correction methods; and

a control unit configured to individually select the first
method and the second method among the plurality of
types ol error correction methods, and control the
coding unit and the decoding unit,

wherein the coding target data comprises
a payload to be transmitted,

a first number of error corrections indicating a number
of error corrections counted when the decoding unit
of the terminal apparatus decodes the second coded
data, and

first 1dentifier information of the first method, to be
employed for the payload,

wherein the decoding unit 1s further configured to decode
the second coded data based on second 1dentifier infor-
mation received from the opposite apparatus and
extract mnformation of a second number of error cor-
rections from the opposite apparatus, the second num-
ber of error corrections being a value counted when a
second decoding unmit of the opposite apparatus decodes
the first coded data, and

wherein the control unit 1s further configured to select the
first method based on the information of the second
number of error corrections.

2. The terminal apparatus according to claim 1, wherein
the control unit 1s further configured to control the decoding
unit to store, i a storage unit, the second identifier infor-
mation included in a data set acquired upon decoding the
recetved second coded data, and decode another second
decoded data to be received by the terminal apparatus, by
decoding processing based on one of the plurality of types
ol error correction methods indicated by the second 1denti-
fier information stored in the storage unit.

3. The terminal apparatus according to claim 1, wherein
the control unit 1s further configured to control the coding
unit to select the first method among the plurality of types of
error correction methods having a higher error correction
ability as the second number of error corrections included 1n
a data set acquired upon decoding the recerved second coded
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data becomes larger, and generate another first coded data to
be transmitted, by coding processing based on the first
method.

4. The terminal apparatus according to claim 1, wherein
the coding unit further comprises a transmission data pro-
cessing unit,

wherein the transmission data processing unit 1s config-

ured to generate a data set including at least one of the
payload, the first number of error corrections, and the
first 1dentifier information, and

wherein the coding unit 1s further configured to code the

data set to the first coded data in accordance with
coding processing based on the error correction method
indicated by the first identifier information.

5. The terminal apparatus according to claim 1, wherein

the second coded data includes at least one of a second

payload, the second number of error corrections, and
the second i1dentifier information,

wherein the decoding unit further comprises a reception

data processing unit configured to extract the second
payload rom a data set generated by the decoding unit
and outputs the extracted second payload, and
wherein the decoding unit 1s further configured to decode
the second coded data by decoding processing based on
the second methods among the plurality of types of
error correction methods indicated by the control unait.

6. The terminal apparatus according to claim 4, wherein
the control unit 1s further configured to convert the second
number of error corrections from the opposite apparatus 1nto
a Q value indicating a transmission quality between the
terminal apparatus and the opposite apparatus, and

wherein the control unit 1s further configured to select one

of the plurality of types of error correction methods to
correct an error generated 1n the converted (Q value, and
provide, as the 1dentifier information, the selected type
of the error correction method for the opposite appa-
ratus by using the first coded data.

7. The terminal apparatus according to claim 6, wherein
the control unit 1s further configured to increase a predeter-
mined margin value when setting a switching threshold of
the error correction method to the Q value exceeding the )
value corresponding to a lower limit value of an error
correction ability based on the error correction method by a
predetermined margin value, the predetermined margin
value indicating the error correction method having a higher
error correction ability.

8. The terminal apparatus according to claim 7, wherein

the plurality of error correction methods are error correc-

tion methods in accordance with a forward error cor-
rection (FEC) method, and

wherein the first coded data and the second coded data

include a data configuration conforming to G.709 based
on Telecommunication Standardization Sector of Inter-
national Telecommunication Union (ITU-T).

9. A control method for a terminal apparatus, the method
comprising;

generating, by a coding unit, first coded data by executing

coding processing of coding target data based on a first
method among a plurality of types of error correction
methods having error correction abilities different from
one another, and transmitting the first coded data to an
opposite apparatus;
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receiving, by a decoding unit, second coded data from the

opposite apparatus and decoding the second coded data

based on a second method among the plurality of types
of error correction methods,

individually selecting the first method and the second
method among the plurality of types of error correc-
tion methods,

wherein the coding target data comprises

a payload to be transmitted,

a first number of error corrections indicating a number
of error corrections counted when the decoding unit
of the terminal apparatus decodes the second coded
data, and

first 1dentifier information of the first method, to be
employed for the payload,

wherein the decoding further comprises decoding the

second coded data based on second 1dentifier informa-
tion recerved from the opposite apparatus and extract-
ing information of a second number of error corrections
from the opposite apparatus, the second number of
error corrections being a value counted when a second
decoding unit of the opposite apparatus decides the first
coded data, and

wherein the selecting further comprises selecting the first

method based on the information of the second number

of error corrections.

10. A non-transitory recording medium storing a control
program ol a terminal apparatus, the control program
executing nstructions to:

generate, by a coding unit, first coded data by executing

coding processing ol coding target data based on a first
method among a plurality of types of error correction
methods having error correction abilities different from
one another, and transmit the first coded data to an
opposite apparatus;

receive, by a decoding unit, second coded data from the

opposite side apparatus and decode the second coded

based on a second method among the plurality of types
of error correction methods,

individually select the first method and the second
method among the plurality of types of error correc-
tion methods,

wherein the coding target data comprises:

a payload to be transmitted,

a first number of error corrections indicating a number
of error corrections counted when the decoding unit
of the terminal apparatus decodes the second coded
data, and

first 1dentifier information of the first method, to be
employed for the payload,

wherein the decoding further comprises the second
coded data based on second identifier information
received from the opposite apparatus, and extracting
information of a second number of error corrections
from the opposite apparatus, the second number of
error corrections being a value counted when a
second decoding unit of the opposite apparatus
decides the first coded data, and

wherein the selecting further comprises selecting the first

method based on the information of the second number

of error corrections.
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